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SOME CHARACTERISTICS OF SPRAYS OBTAINED FROM
PINTLE~-TYPE INJECTION NOZZLES

By B. T. Marsh and C. D. Waldron
SUMMARY

This report presents the results of tests made with
two pintle-type injection nozzles, one having & pintle
angle of 89, the other a pintle angle of 30°. The fuel
wes iInjected into a glass~windowed pressure chamber and
the spray photographed by means of the N.A.C.A. spray-
photography apparatus.

Curves are presented that give the pensetration of the
spray tips when fuel 01l is injected by pressures of 1,500
to 4,000 pounds per square inch into air at room tempera-
ture and densities of 11 to 18 atmospheres. High-apseed
spark photographs show the appearance of the sprays in air
at.a density of 18 atmospheres. The results 1lndicate that
the pintle angles have little effect on the size of the
spray cone angle, which is about the same as that of sprays
from plain round-hole orifices. The penetration of the
spray from the nozzle with an 8° pintle is slightly higher
than that of the spray from the nozzle with the 30° pintle.
The penstration of the sprays from the pintle nozzles, for
compareble conditlons of injection pressure and air density,
is about the same ag that of sprays from plain round-hole
orifices. 1Increase in gair density decreases the penetra-
tion in about the same ratio with all the injection pres-
gures.

INTRODUCTION

Previous N.A.C.A. publications have given the charac~
teristice of sprays obtained from nozzles having plain
round-hole orifices of various sizes and various length-
diameter ratios (references 1 - 10), from centrifugal-type
nozzles having round-hole orifices of different sives and
used with valve stems having different helix angles (ref-
erences 6 and 11), from an annular-orifice nozzle (refer~
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ence 12), and from an impinging-jet nozzle (reference 13).
In order to make the available informatlon as complete as

possible, the results of tests made to determine the char-
acteristics of sprays obtained from pintle-~type injection

nozzles are here presented.

The photographs obtained show the spray appearances
and from these photographs the penetration for two differ-
ent pirtle nozzles wes obtained when using injection pres-
sures of 1,500 to 4,000 pounds per square inch and valve-
opening pressures of 600 to 3,600 pounds per square inch,
and injecting into air at densities of 11 to 18 atmoapheres
and at room temperatures As explained in reference 5, the
density and not the pressure of the air controls the pene-
tration of sprays. Although the Committee completed the
experimental part of these tests 1n 1930, the urgency of
other work has delayed publication until the present time.

APPARATUS AND METHODS

The spray photographs were taken with the N.A.C.A.
spray-photography apparatus described in reference 4.
(see fig. 1) The apparatus consists of an air-tight
chamber with glass windows into which the fuel 4is 1lnject-
ed, a2 high-speed camera containing a film moving 2,000
inches per second, and a spark gap across which a series
of sparks jump at rates from 2,000 to 4,000 per second in-
side a reflector focused on the spray chamber. Each spark
g€ives an instantaneous photograph of the spray and succes-
sive photographs show 1ts development.

The pintle~-type injection valve and nozzles waere
stapdard commercial products. The nozzle shown in figure
2 wag designed to have a spray dispersion angle of 307.
Thies nogxle had a tapered pintle with 2 maximum diameter
of 0,05% ineh and hed an orifice whose projected area was
0.000325 square inch with the stem seated and 0.000683
square inch with the stem lifted for injecting, The sec-
ond nozzle was similar to the first one but, by making the
Pintle angle g° instead Qf 3Q°%, this nozzle was designed
to give a spray dispeysion angle of 8°. This nozzle had
e pintle with a meximum diameteyr of 0.039 inch and had an
orifice whose projected grea wae Q.000357 square inch with
the stem peated and 0.000543 square ipch with the stenm
lifted for injecting. ' '
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The steel injection tube was 50 inches long and had
inside and outside diameters of 1/8 and 1/4 inch. The
fuel o0il had a specific gravity of 0.83 and a viscosity
of 0.02 poise at 100° F,

The values of spray-tip penetration were obtained by
measuring the heights of the spray images and were plotted
ageinet the measured time after the start of the spray.

The start of the spray was taken as the point at which a
smooth curve drawn through the tips of the spray imeges
intersected a line drawn through the bases of the spray
images. Because of thelr being recessed slightly into the
chamber walls the nozzles are not visible in the photographs.

TEST RESULTS AND DISCUSSION

Nozzle with 8° pintle.~ Figure 3 shows the appearance
of the spray obtalned from the nozzle with the 8° rintle
when injected by & pressurs of 1,500 pounds per square inch
into air at a density of 18 atmospheres and at room tempera-
ture. Thie spray was similar to sprays obtained from plain
round-hole orifices, although there wers some slight differ-
ences. Sprays from plain round~hole orifices usually have
smaller cross sectiouns near the nogzzles. Also, the spray
from the plntle nozzle had a smaller cone angle than sprays
from plein round-~hole orifices during the early period of
injection, but after the spray became fully developed there
was little difference in cone angle. Although the spray-
had the appearance of being well atomized, no definite con-
cluslions can be drawn about the atomlzation of a fuel spray
from its external eppearance.

Figure 4 shows, plotted against time, the distancs
the tip of the gpray from the 8° pintle nozzle penstrated
in the dense air at room temperaturs when the injection.
pressure was 1,500 pounds per square inch.and the valve-
opening pressure 600 pounds per uquare inch. The curves
show that the spray penetrated 5 inches in 0,0035 second
when injected. into air at a density of 1l1l.2 atrospheres,
wheres it penetrated only 3.3 inches in the same tims when
injected into air at a density of 18 atmospheres.

Figures 4 to 7 show that as the injection pressure
wvas lncreased the penstration in a given time steadily in-~
,creased until with- an injection pressure of 4,000 pounds
per square inch the spray traveled a given distance from
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the nogzle in about one half the time required with an in-
jection pressure of 1,500 pounds pesr square inch. The in-
crease in penetratlon alsoc was due partly to the increase
in valve opening pressure for, as shown In reference l4,
penetration lncreases with increase 1in valve openring pres-
sure as long &8s the valve opening pressure is not greater
than the injection pressure. These figures also show that
increasing the chamber~-air density decreased the renetra-
tion in about the same ratio with all the injection pres-
sures. The appearance of the spray changed little with in-
crease in injection pressure, but the cone angle increased
slightly.

Nozzle with 230° pintle.- Figure 8 shows that the
sprays from the 230° pintle nozsgle had an appearance simi-
lar to that of sprays from the 8° pintle nozzle. The
bulging at the tip of the spray was due to some peculiar-
ity of this injection, for other ricturss of sprays from
this nozzle 414 not have bulging t4ps. This photogreph
had to be used for pudlication because the other photo-
gravhe either were not good for reproduction or the photo-
graphs of the spray from the 8° nozzle taken under corre-
sponding conditions were not good. TFigures 9 to 12 show
the penetration obtained with the 30° pintle nozzle under
the same conditions that were used in testing the norzle
with an 8% pintle. TFor corresponding conditions, the pen-
etration was slightly less with the 300 pintle nosgzle.

The density of the air seemed, however, to have less ef-
fect on the penetration when using this nozzle. These
figures show that an increass in the chamber air density
decreased the penetration in about the same ratio with
each of the injsction pressures used. .In figure 10 part
of the psnetration curve for an air density of 1l.2 atmos-
rheres lies below that for e density of 14.6 atmospheres.
This fact should not be taken as a disproof of the above
statement ¢oncerning the effect of air density on spray
penstratlon, but should be attributed to some experimen-~
tal variation. The pintle nozzles used in this work are
no longer available, so that the usnal procedurs in such
capes of obtaining check data cannot be followed.

CONCLUSIONS

The data presonted show that:

1. The cone aﬁgles of sprays from nozzles having pin-
tle angles of 8° and 30° are different during the early
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part of thelr injection pericds but are approximately the
same during the later stages, and are approximately the
same as the cone angle of sprays from plain round-hole or-
ifices. L R o

2. The penstration per unit of time of sprays from
the 80 pintle nozzle is slightly higher than that of
sprays from the 30° pintle nozzle, and is about the same
as that of sprays from plain round-hole nozzles.

3. Increasing chamber density decreases the penetra-
tion of sprays from pintle nozzlee in about the same ratio
for both high and low injection pressures.

Langley Memoriel &wronautical Laboratory,
Natlonel Advisory Committse for Aeronautics,
Langley Fisld, Va., July 5, 1933.
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Figure 3, BSpray from nozzle with 8° pintle, injection pressure 1500 1b./sq.1n.,
valve opening pressure 600 lb./sq.in., chamber density 18 atmospheres
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Figure 8. Spray from nozzle with 30° pintle, injection pressure 1500 Ib./8q.in.,
valve opening pressure 600 1b./sg.in., chamber density 18 atmospheres
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